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ABSTRACT

Everyone will want to get the best in life, maximize or
optimize what owned to get something better. The best results
are affected by the decision optimally taking into account all
the constraints. This is became the basis for new
breakthroughs in the game by developing the science of
artificial intelligence (Al). How computer game can make the
best decision by looking at the existing constraints or
limitations. Algorithm optimization has fully supported the
decision, using the object Balinese traditional card game
Rummy 21. The main concept of the game Rummy 21 is to
calculate the value of the card. Player gets a value of about 21,
and not more than 21. Cards exceeds the number 21 does not
qualify or fall. Decision-making in the game Rummy 21 is
making the decision to add a card or survive on the value of
the card now. Implementation of Al in this game is devoted to
the single player game. The purpose of this study was to
produce a game with Al features that can think like humans in
solving problems while preserving the traditional game using
the technology of mobile gaming.

General Terms
Implementation Al, Optimization Problem, Decision-making,
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1. INTRODUCTION

The Balinese traditional game is a game the people Bali who
intended as a means of entertainment [9]. Various kind of
game traditional in Bali not be exhausted to talk about, one of
which is the card game Traditional Bali. Card game is a game
of simple use the card as a medium game. Game Rummy 21 is
one of a game a popular in Balinese community. Game
Rummy 21 played three to eight people, with this type of card
games count. Player will count number of cards according to
the number of approaching or same with 21, according to
purpose or goal game Rummy 21. Cards exceeded the number
of 21 is going did not qualify [8].

As the technological development in the field of Artificial
Intelligence (Al), making the card game can be designed
Single Player. Artificial intelligence (Al) will reduce the
problem of shortage of opponents to play and to hone the user
logic in developing the ability to play.

Optimal decision making, namely, how to solve a problem
can be solved with the best steps [11]. Optimization
algorithms are applied to the development of Al in the card
game Rummy 21 is to optimize the steps to be taken to obtain
optimal results. Optimization decisions will shape the solution
step by step with their choices or possibilities to consider.
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Therefore, at every step or opportunities need to be made the
best decision in determining the choice. Decisions have been
taken on a step can’t be changed on the next step [10].

The development of this type of game has come to the
manufacture of artificial intelligence (Al) as a technique used
in the game to produce the illusion or artificial intelligence for
a character that is not a player. In the field of gaming, Al
would act as the main opponent without the help of other
players will be moved in accordance with the algorithms used.
"Capsa Banting" is a card game which is quite popular among
adolescents and adults in Indonesia. The design of this game
used the minimax algorithm in decision step. Designed to
make the computer can take steps to the maximum value and
can see the next steps to be done players [4].

Al development has attracted public attention by the media
used as entertainment in the form of a game. Al in a game can
be a challenge in completing a game or an opponent to play.
Game card "Blok Bakar" is a Balinese traditional card game.
Game "Blok Bakar" using randomization of card techniques
combine the two methods of randomization Linear Congruent
Generators (LCG) and Linear Feedback Shift Register (LFSR)
to obtain a random card and minimize the appearance of the
same card. The application result of a combination these
methods, capable of equalizing the percentage level of victory
and defeat Al computer [1].

Traditional card game Rummy 21 must be preserved. The
traditional game Rummy 21 can be conserved by using the
technology of mobile gaming. Android-based mobile gaming
applications can be a medium for playing a card game that can
be accessed via smartphone. Development of the technology
of artificial intelligence (Al) makes it possible to design a
game Rummy 21 with the support of the single-player game.
The results of this study can apply rules Rummy 21 to the
base of mobile game on android with Artificial Intelligence
(Al feature. This application can be used as entertainment for
card games and retain the traditional game Bali so as not to be
forgotten.

2. LITERATURE REVIEW
2.1 Artificial Intelligence

An artificial intelligence (Al) is a region research, application
and instruction associated with computer programming to do
the smart things in the sight of human [5] [6]. With the advent
of the artificial intelligence in the era of rapid technology can
be classified as follows [3] [5].

1. Expert system, computer as a means of storing knowledge
experts so that the computer has skill solve problems by
imitating skills owned experts [3] [5].
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2. The Natural Language, player can be able to communicate
with computer use Colloquially, English, Indonesian
language, and etc. [3] [5].

3. Speech Recognition (Speech Recognition), humans can
communicate with the computer using the voice [5].

4. Robotics & Sensor Systems [3] [5].

5. Computer vision, the interpretation of the objects a picture
or looked through the computer [5].

6. Intelligent computer-aided instruction, computer can be
used as the coaches are can exercise & teaching [5].

7. Soft computing, is a system with expertise as people on a
given domain, capable of adapting and learn to work more
better if evidence for changes environment. Soft
computing exploit the sanction to inaccuracy, uncertainty,
and the truth partial to can be completed and controlled
easily to fit to reality [5].

2.2 Algorithm Optimization

The Optimization algorithms are steps to resolve the problem
without any criteria that declares an element is a solution, but
only the functions that describe objectively whether or not
given configuration or finding optimal solutions and the best
with the possibilities [8] [10].

Based on the method of operation, classification or kind of
optimization algorithm is divided into two, is deterministic
and probabilistic algorithms [2] [11].

Optimization
I

1 l

Deterministic

Probabilistic

Fig 1: Classification Algorithm Optimization

The fundamental differences between the two groups were at
each step of execution (Figure 1). Deterministic optimization
of the algorithm, there is only one way to be processed, if
there is no way the algorithm is considered complete. This
optimization has always resulted in a solution that is fixed for
given input. Deterministic algorithms typically used for
problems whose solution space is not too big. Probabilistic
optimization algorithm used to solve the problem space to the
solution space is very large, even infinite. Probabilistic
algorithms try to find the best solution, to do repeatedly
without exceeding the time limit specified. The best solution
is not necessarily the most optimal, but it is already
unacceptable [2] [11].

2.3 Game Description

Rummy 21 is playing a card games who add up the value of
cards. The main concepts game Rummy 21 devoted to the
players have to get the number of card worth 21. The player
who does not given a value of 21, can be kept moving closer
to the number of 21 to continue to add a card with maximum
6 of cards in the hand. But, if the value is exceeding 21
players did not qualify and lose points [7] [12].

2.3.1 Object of the Game

The standard playing cards using two packs of used (104
cards) without cards worth 10 (will become 96 cards). In
playing game Rummy 21 ace worth 1 or 11. Cards picture
worth 10 and others like cards 1 to 9 worth normal. Every
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participants are trying to get an approaching 21, without
beyond 21. The following are table value a card game Rummy
21 [7]1[12].

Table 1: Cards Value of Rummy 21

Card Value
Ace lorll
King 10

Queen 10
Jack
Two
Three
Four

=
o

Five
Six
Seven
Eight
Nine

Ol N|OO|lO bW |N

2.3.2 Rule of Game

At the beginning of the game, the player gets two cards in
hand. The first condition when two cards of player card is an
ace and a picture card value 21, this is the objective of the
game by the name of "Ngerusak", but this condition is
defeated when two cards of player is an ace doubles (ace and
ace), this is a card angel with the name "Ngeliper ". If any
player is not in condition "Ngerusak" or "Ngeliper" game
continued with "Ngadu" (comparing the value of the card). In
the state of "Ngadu", the player adds a card with a maximum
capture as many as four cards to get the value of
approximately 21. When one player collects six cards in hand
(maximize capture card) with values close to 21 and not more
than 21, the name is "Ngertu" [7].

2.3.2.1 Ngerusak (21)

Ngerusak is a condition when the players got an ace and a
"card ten" (cards picture King / Queen / Jack). The game will
automatically stop when one or more players scored 21 or
Ngerusak [7].

2.3.2.2 Ngeliper (Double Ace)

Ngeliper is a condition when the players got an ace and ace
(double ace). Ngeliper beat Ngerusak or 21 defeated double
ace [7].

2.3.2.3 Ngadu (Comparing the Value of the Card)
Ngadu is a condition in which not all players can Ngerusak or
Ngeliper. On the cards is done by adding a card with a
maximum of six cards with a card approaching 21. Players
who exceed the 21 disqualified [7].

2.3.2.4 Ngertu

Ngertu is a condition when one player to collect a maximum
of cards (six cards), and the total number of cards is not more
than 21 or equal to 21. Ngertu can beat all grades opponent.
Although the value of the opponent is the maximum value and
the value is smaller Ngertu [7].
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3. APPLICATION DEVELOPMENT
3.1 Designing of Game

A general overview Rummy 21 illustrates a flow of the game
can be seen in Figure 2.

Showing
Game Rummy 21
—— i
—_—
Request -
Game Rummy 21

Request Game Game Rummy 21

Rummy 21 from User

’ Showing GUI

[Credit] [Setting] [ Piay | [About | [ Exit |

Artificial Intelligence [ ]
with Optimization game P|g¥
Algorithm ummy (Single Player)

Fig 2: General Picture of Game Rummy 21

Game Rummy 21 was designed based on smartphone. Figure
2 is a general overview of the game rummy 21 with the
interaction between the user and the system via the media
smartphone. Game Rummy 21 is wrapped by smartphone that
is accessible by the user. Users request the game and the
smartphone will display the game menu. The system
processes the game is play when the users select "Play". When
entering into game play, users will play Rummy 21 and
combined with Artificial Intelligence to support the opponent
(computer) user and single player games.

3.2 Flowchart
Understanding more detailed description by the flowchart will
be explained with a data stream in the game Rummy 21.
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Fig 3: Flowchart of the Process Game Rummy 21
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The flow of the game begins when a player entrance and
select menu for the play. First to play Game Rummy 21,
player must be fill name and chose the avatar in the beginning
of the game. Then setting the game and choose a position to
play and start the game. Two cards are dealt and the condition
Ngerusak or Ngeliper will be checked by the system in the
beginning of the game. When it is not any player get, were
then followed by Ngadu (comparing the value of the card).
Player has the opportunity to take a maximum six of cards in
the hand to find the total points closer to 21. The process of
Ngertu enables the player to win a game by taking maximize
the use of cards with the risk of bankruptcy (a bust) increased.
But, if player gets Ngertu, then the players can end of the
game and defeated all the value of the card player to the other
when to show their cards.

The general description of game has an important role in
providing information and goal in designing game Rummy
21. The process is visible of outline in the game explained the
flow of the game and the rules of the card game Rummy 21 to
the user.

3.3 Optimization Algorithm in Al

Usage Optimization Algorithm in Al to optimize decision
with all the possibilities that exist or the obstacles that will
affect the solution, according to the candidate. The solution is
expected to be affected by the problem of interest. On Rummy
21 there are elements that influence the decision (solution)
optimization, namely:

1. Interest, find the value on the card close to or equal to 21.
2. Candidates, cards that have not been drawn.
3. Solution, solving problems containing the candidates
elected.
4. Constraints, restrictions in the Rummy 21, namely:
a. Minimal value of the card is 17.
b. Looking for value with no more than 21 cards with
restrictions add as much as 4 cards.
c. Taking the card to match the rest of the number of
players.
5. Selection, the decision to take the card or survive
according to the conditions.
6. Eligibility, check whether a candidate's decision together
with a set of solutions that have been formed not violate
constraints.

Al systems work on the Game Card Rummy 21, when a
player decides to add or survive on the value of cards
collected to approach 21 without violating the constraints are
quite large (more than 21). The player must take a card when
the value is less than 17. Computer can choose to "Survive"
when the card value between 17 and 21. The computer will
select "Add" to take out the card when the card value is less
than 17 or have the opportunity to approach a value of 21.
When players take a card or retain cards, decision-making is
influenced by the number of players who played with a
minimum limit of the value of cards in hand as a constraint.

3.4 Result of Optimization

Al system work on the Game Card Rummy 21, when a player
decides to add or survive on the value of cards collected to
approach 21 without violating the constraints are quite large
(more than 21). The player must take a card when the value is
less than 17. Computer can choose to "Survive" when the card
value between 17 and 21. The computer will select "Add" to
take out the card when the card value is less than 17 or have
the opportunity to approach a value of 21. When players take
a card or retain cards, decision-making is influenced by the
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number of players who played with a minimum limit of the
value of cards in hand as a constraint.

Solutions that can be generated by made level with the level
in Al vulnerable boundary value. When a player chooses to
add to the card, the Al will check the level of the player
according the condition of the rest of the players.

1. Level 1 =Vulnerable between 17-21
2. Level 2 =Vulnerable between 19-21

Optimization results are used in the process Ngadu rules,
when decision-making of the player chooses to take the card
or retain cards to approach the value of 21, based on the
current level.

Draw Two Cards
for The First

Time
_AConstraints
N
J A Solution
¥
Draw The
Card

Fig 4: Flowchart of the Result Optimized Al

Flowchart in Figure 4 show the performance of Al using
optimization measures, which the computer Al will check the
feasibility of the cards after choosing to add to the card.
Eligibility is determined by the number of remaining players
still playing. Computer Al is at level 2, when the remaining
amount of players more than half of the number of players
(>50%). Computer Al is at level 1, when the number of
remaining players is less than or equal to half of the number
of players (<50%). The conclusion of the performance of
computer Al, the more the rest of the players who still come
into play in the process Ngadu or penalty card, then the
addition of cards that do will be higher (optimize) without
violating constraints. However, the less the rest of the players
are playing, the computer Al will choose to survive with the
limit values specified (safety position).

4. RESULT AND DISCUSSION

4.1 Implementation Al

Implementation Al for game Rummy 21, when the player add
to the card at every step if the possibility of the presence of
the card in a candidate (approaching 21) so it does not violate
constraints large enough (over 21).
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Fig 5: Decision to Take or Retain a Card

Figure 5 illustrate the implementation of the Al when a player
chose to take out the card or survive on the value of the card
that has been obtained. "P1", "P2", "P3", "P5", "P6" chose to
add the card because the number of card values less than 17 or
have a chance to approach the value 21 and "P4" chose to
survive because it has to be in vulnerable 17 between 21.

The player will only pay attention to the card that is now
owned and cards may still are drawn by the player and not pay
attention to the card owned by another player. By using this
strategy at every step or opportunity, expected number of
players gain optimum value card.

‘ X a] ¢— Takes a Card — |

.\

Fig 6: Result When Player Take or Retain a Card

Figure 6 show the final result of the game, the winner is "P1"
to the maximum value after doing Ngadu and in accordance
with the rules of the game the name is "Ngertu". Values
exceeding 21 will be disqualified, like the "P6" with a value
exceeding 21 cards.

Ngertu can be done by collecting six cards in hand with a
value of less than or close to 21. Computer have the
opportunity Ngertu with a card reading in hand to enable get a
score approaching 21, and automatically add the card when
have a chance Ngertu. Before process Ngertu is Ngadu.
Ngadu is comparing the total value of cards that have been
collected to determine the winner. When the player have six
cards in hand and amounted to approach the 21, then the
player will directly win with the name of Ngertu. Ngertu
defeat all value players even though value another player
greater than the Ngertu.

Other rules of game Rummy 21 is Ngerusak and Ngeliper. In
rule of Ngerusak or Ngeliper will automatically win the game.
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Fig 7: Condition When Players Gets Value 21 (Ngerusak)

Ngerusak is a condition in which the player gets value of the
cards is 21. The game will be immediately stopped when one
or more players scored 21 or Ngerusak. Figure 7 showing the
condition of Ngerusak, when "P5" and "P6" gets value is 21 to
win the game automatically.

Ngeliper is the condition player gets an ace double. Ngeliper
defeat Ngerusak condition. Figure 8 showed a condition
Ngeliper.

+30000
ngellev 2

Double Ace

(Ngeliper)

Fig 8: Condition When Player Gets Double Ace (Ngeliper)

When the player get double ace, then that player is gets
Ngeliper. Ngeliper defeat Ngerusak, so when in the game one
of the players get Ngerusak and another player get Ngeliper,
then the player who obtain Ngeliper win the game. Figure 8
shows "P5" get a double ace and become a winner.

International Journal of Computer Applications (0975 — 8887)
Volume 146 — No.8, July 2016

4.2 Result of Application Test

4.2.1 Testing of Program

Testing has been done by comparing the results as the game
progresses. The comparison result is decided when the game
without optimization algorithm and when the optimization
algorithm used. Testing took the opportunity to sample 50
chance of Ngadu conditions (compare the value of the cards)
with the possibility of Al players get a bust. Tested use the six
players who played with one player user and five players Al.

Player — Quantity Percentage
(Al) Win | Lose | Bust | Win | Lose | Bust
of Ngadu

PC1 50 10 28 12 20% | 56% | 24%
PC2 50 11 23 16 22% | 46% | 32%
PC3 50 13 22 15 26% | 44% | 30%
PC4 50 11 19 20 22% | 38% | 40%
PC5 50 12 21 17 24% 42% 34%

Total 57 113 80 23% | 45% | 32%

Fig 9: Result of Tested without Optimization Algorithm

Figure 9 is a table to show the results of tested without
optimization algorithm, the percentage of winning and losing
of each player Al in 50 chance of Ngadu. The results obtained
for the total percentage of winning is 23%, losing is 45% and
the bust is 32%.

Player — Quantity Percentage
(Al) Win Lose Bust Win Lose Bust
of Ngadu

PC1 50 19 22 9 38% 44% 18%
PC2 50 21 17 12 42% 34% 24%
PC3 50 23 14 13 46% 28% 26%
PC4 50 21 13 16 42% 26% 32%
PC5 50 18 20 12 36% 40% 24%

Total 57 113 80 41% 34% 25%

Fig 10: Result of Tested with Optimization Algorithm

Figure 10 is table to show the results of tested with
optimization algorithm and the results obtained for the total
percentage of winning is 41%, losing is 34% and the bust is
25%.
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Fig 11: Score Comparative of Result Test

Figure 11 is a comparative use of optimization algorithms.
The results obtained are the use of optimization algorithms

affect the level of player Al win, with the possibility bust is
also reduced. Through the optimization algorithm has
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improved the quality of Al. The development of quality Al
make the game more challenging, thus spurring the user
wishes to play. Furthermore, after the phase tested the
program and then increasing user interest is measured by
filling the questionnaire.

4.2.2 Testing by User

Traditional Card Game Rummy 21 is tested in Android device
on smartphone and played by the user. In the Figure 12 and
Figure 13 is the documentation of the application user.

Fig 13: Testing Game by the User

Game Rummy 21 tested on android devices have gone well
and the users who tested the application of this game is very
excited and feel challenged by the features artificial
intelligence to try to win the game.

The application is tested with fill out a questionnaire carried
out by 25 users of either men or women at random. Tester of
this application is that the user knows or not about the
traditional card game Rummy 21. Tester is done tend to
young people with vulnerable users age 17 to 25 years is
keeping the traditional game that has not been forgotten. The
results of the questionnaire after play the game Rummy 21
shown in Figure 13.

Table 2: Result of the Game Rummy 21 Tested

Percentage (%)

Statement
Need Fair | Good | Excellent
Improve

Interesting of
application 0 0 45 55
display
Easy using the 0 124 | 582 20.4
application ! ' '
Application 0 9.2 59.3 315
run well ' ' '
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Application is
helping to
know an 0 0 62,4 37,6
traditional
card games

Applications
is give the
challenge of 0 156 | 61,1 23.3
play the card
game

The users of the game Rummy 21 most gave a good opinion
on this application. The users who tested this application
were very enthusiastic to try played the game, and most have
understood the game Rummy 21. The most interesting part of
the wusers is when get Ngerusak or Ngeliper, then
automatically win the game. Ngadu and Ngertu can be a
challenge for users as compete to get the greatest value of the
cards against the computer Al.

5. CONCLUSION

This is thus the implementation of optimization algorithms on
traditional card game Rummy 21. Features artificial
intelligence (Al) used in computers have had success with the
action chooses to take the card, or stay on the value of the
card. The decision to add to the card at every step has been
optimally carried out, taking into account the number of
remaining players. Optimizing each step will give the
expected results satisfactory end (optimum). This is evidenced
through tested before use and after use optimization
algorithms. The results obtained are Al winning rate increases
and the risk of bust also declined.

Design Rummy 21 has run well on Android smartphones. Al
has presented a challenge to the user in a single player game
play. The presence of Rummy 21 Bali has preserved the
traditional game by converting via media smartphone.
Evidenced by the results of user testing which states, Rummy
21 helps to know the traditional game Bali. Rummy 21 also
presents a challenge with Al features in it and the majority of
users are interested in playing.
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